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Abstract  Introduction: The risk of falling increases with 
age. A third of the population over 65 has one or more falls 
per year. Objetive: to know the relationship between drug 
prescription and falls in the elderly. Materials and Methods: 
a study was carried out through a community intervention 
in individuals ≥ 70 years of age. Results: The sample was 
composed of 249 participants, 160 women (64%), with a 
mean age of 74.47 years (SD 5.33). During the 12 months 
prior to the study, the mean of falls per person was 0.5 (SD 
0.94), the mean of the risk factors was 2.73 (SD 1.4) and the 
mean of the medication prescribed was 4.2 (SD 3.0). The 
percentage of the reduction of falls after the study was 12%. 
The amount of medication prescribed correlated with the 
incidence of falls before and after the study, r=0.193, 
p=0.002 y r2=0.170, p=0.009, respectively. Prior to the 
study, the individuals who were prescribed beta-blockers 
and antidepressants, had a fall incidence of 0.74 (SD 1.14) 
and 1.22 (SD 1.09), respectively, however after the 
intervention there was no relationship between drug 
prescription and falls. Conclusions: the fall prevention 
community program was effective since it prevented the 
negative effects of medication on falls. An interdisciplinary 
community intervention reduces the global incidence of 
falls and the incidence of falls related to some specific 
medication. 
Keywords  Elderly, Polypharmacy, Risk Factors, Falls, 
Geriatric Assessment 
 
1. Introduction 
The risk of falling increases with age. Despite their 
personal independence and autonomy, a third of the 
population over 65 has one or more falls per year. This 
percentage is approximately 35% in individuals over 75 and 
50% in individuals over 80 [1]. Moreover, having had a fall 
increases the risk of further falls. In fact, more than half of 
the elderly who have had a fall will have a new one within 
six months [2]. 
As a consequence of these falls, between 20-30% suffer 
injuries, which reduce their mobility and independence, and 
increase the risk of premature death [ 3 , 4 ]. A lower 
percentage requires specialized attention due to fractures. 
20% of the elderly people who fall become institutionalized 
or die [5].  
Together with balance instability and gait alterations, 
falls constitute one of the most important geriatric 
syndromes and they are the second cause of death 
worldwide due to accidental injuries [6]. 
Generally, falls are more frequent in women, although 
this tendency becomes similar with age. The mortality rate 
due to falls increases exponentially with age in both genders 
and in all racial/ethnic groups, mainly after the age of 75. [7] 
From a public health perspective, falls in the elderly are 
considered a biopsychosocial problem due to their medical, 
psychological, social and economic consequences [8]. It is 
estimated that in 2020 the cost of social healthcare due to 
falls will be approximately 30.000 million euros, as 20% of 
falls require medical attention, constituting 10% of 
Emergency Department attendances and 6% of urgent 
hospitalizations in the elderly [9]. In addition, there is a 
high morbidity since falls are directly related to a decreased 
mobility and ability to perform daily life activities. This 
increases their fear of falling again, favors a low self-
confidence and the apparition of post-fall syndrome 
psychological consequences [ 10 ]. The risk of caregiver 
dependence and/or institutionalization, and family, social 
and health repercussions also increase.  
In general terms, we classify falls in low or high impact, 
based in the amount of energy involved. Low-impact falls 
are falls from standing and are characterized by minimal 
injury of soft tissues. This type of falls is frequent in 
children and in the elderly; they often cause isolated 
fractures. High-impact falls are associated to high-energy 
trauma and they affect soft tissue and also organs; they are 
associated to more severe fractures [11]. Approximately 30-
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50% of the falls produce soft tissue injuries and 10% 
produce fractures or head trauma, both related to a higher 
mortality rate (between 25-46%) within the following year 
[12]. 
Tinetti established the risk factors related with falls, 
emphasizing the existence of cognitive impairment, 
presence of at least two chronic illnesses, gait and balance 
alterations, and low BMI (Body Mass Index) [13].  
Furthermore, intrinsic and extrinsic risks were described. 
The former are related to the ageing process and affect the 
balance, the proprioceptive, vestibular and visual functions 
of the cerebellum [ 14]. The individual’s musculoskeletal 
function and the cognitive status are also important [15]. 
Extrinsic risks are environmental (home, the street or public 
transport) and they are contributing factors to the intrinsic 
risks [16]. 
The risk of falling in an individual increases with the 
number of risk factors, from 8% in people with no risk 
factors, to 78% in individuals with 4 or more risk factors 
[17]. There are some risk factors related to a higher number 
of falls, as previously mentioned, like the use of 
concomitant medication and alterations in muscle strength, 
balance and gait [18]. 
The increased risk of falling, and fall-related injuries 
associated with aging, appeared to be due to the 
accumulation of other risk factors rather than being intrinsic 
to aging itself. A number of specific diseases and a general 
index of health status have been shown to be associated 
with increased incidence of falls [19] 
Together with these, we can observe frequent 
comorbidity like hypertension [ 20 ], diabetes[ 21 ], 
cardiovascular disease[22], osteoporosis[23] and insomnia 
[24]. These pathologies are associated mostly with the use 
of more than 4 different drugs (polypharmacy) [25].  
14.9% of people older than 65 state to have had a fall 
over a 1-year period, with physical consequences. In 50% 
of the falls, contusions or soft tissue injuries occur, causing 
pain and impairment for the daily life activities. 10-15% of 
the falls involve minor injuries [ 26 ].  The major 
consequences are fractures. 90% of hip, pelvis and wrist 
fractures in the elderly are associated to low-impact falls, 
which are mainly domestic. The hip fracture is the main 
related cause of mortality, and it is due to comorbidity and 
immobility complications [ 27 ]. Men present a higher 
mortality than women within twelve months following a hip 
fracture [28]. 90% of the hip fractures are due to falls. The 
related risk factors are osteoporosis and repeated low-
impact falls [29]. Other types of fall-related fractures are 
vertebral and wrist fractures which, on many occasions, 
increase the dependence due to neuralgia, paralysis and 
paresthesia [30]. Head traumas are also fall consequences in 
the elderly due to their inability to stop the fall with their 
upper limbs or due to fainting related to polypharmacy [31].  
They are related to a higher index of hospitalizations and 
death [32]. 
One of the psychological consequences is the post-fall 
syndrome, i.e. the short and long term effects which 
produce restrictive attitude and behavior for physical and 
social activities due to the fear of falling [33].  
The socio-economic consequences are both the direct and 
indirect costs. The elderly who have had falls make more 
use of the Primary Care and Emergency services. Hospital 
admission after a fall is linked to a higher 
institutionalization due to immobilization and to an increase 
in the expenses due to home care [34]. 
1.1. Drugs, Polypharmacy and Falls 
This polypharmacy is an independent factor for higher 
risk of falls (OR 1.14; 95% CI 1.02, 1.27; p = 0.027) [35]. 
Moreover, certain drugs are related to a higher risk of falls 
[36.], i.e. beta-blockers, drugs with orthostatic hypotension 
effects, benzodiazepines, antidepressants, antiepileptic 
drugs, anti-Parkinson medication, opiates and urinary 
antispasmodic drugs [37,38].  
Many commonly used drugs produce an anticholinergic 
effect; antihistamines, antiemetics, antispasmodics, 
biperidene, tricyclic antidepressants, oxybutinine, etc. [39]. 
However, they also have side effects [40] such as delirium, 
dry mouth, blurred vision, constipation or paralytic ileus, 
urinary retention, gait alterations and acute glaucoma attack, 
mainly in the elderly due to their unique characteristics [41]. 
The use of medication is affected by pharmacokinetic 
changes related to renal and hepatic function decline, 
decreased muscle mass and increased adipose tissue [42] in 
the elderly. Consequently, with the same drug concentration, 
we can observe different significant responses to some 
drugs [43]. 
1.2. Relationship between Specific Drug Groups and 
Incidence of Falls 
1.2.1. Benzodiazepines  
Many studies link a higher risk of falls with 
benzodiazepines [ 44 ] (OR=1.48 [95% CI 1.23, 1.77]), 
mainly in women (OR=1.23 [95% CI 1.09, 1.63]). 
Hip fractures are one of the consequences of falling 
(RR=1.7), also directly related to the use of 
benzodiazepines; the higher the daily dose, the higher risk 
of falling (OR=3.4 [95% CI 1.0, 11.5]). The concomitant 
use of different benzodiazepines is also an associated risk 
factor (OR=2.5 [95% CI 1.3, 4.9]) [45]. 
1.2.2. Cardiovascular Disease 
There is a higher risk of falls with the intake of drugs 
with hypotensive effect, like diuretics (OR 1.08; 95% CI 
01.02, 01.16), and beta-blockers (OR 0.93; 95% CI 0.77, 
1.11) [46]. 
1.2.3. Antidepressants 
Depression and the use of antidepressants constitute a 
risk factor for the incidence of falls in the elderly. 
There is some controversy with regards to the causes that 
relate antidepressants to a higher number of falls.[47, 48] 
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The main cause of this relation is orthostatic hypotension 
which, together with other risk factors, has an impact on 
falls. Some of these other factors are blurred vision, 
strength and muscle tone loss, constipation, urinary 
retention, confusion, anxiety or cardiovascular problems 
[49,50]. 
Recent studies link a higher risk of falls with the intake 
of serotonin uptake inhibitors (OR=2.4 [95% CI 2.0, 2.7]), 
compared to that calculated for tricyclic antidepressants 
(OR=2.2 [95% CI 1.8, 2.8]). Nevertheless, both present a 
hip fracture risk related to falls [51]. 
1.2.4. Antiepileptic DRUGS 
There is little data due to the scarce number of elderly 
patients treated with this medication. However, patients 
present weakness, ataxia and sedation symptoms. A 
relationship between antiepileptic medication and a higher 
risk of falling has been described in women (OR=2.56 [95% 
CI 1.49, 4.41]) [52]. 
2. Materials and Methods 
We carried out a community intervention; a longitudinal 
prospective randomized experimental study, in order to 
assess the effectiveness of a program aimed at the elderly 
population, focused on fall prevention in the community.   
We had a sample of 249 individuals from the Primary 
Care community health centers of the towns of Alberic, 
Algemesí, Albalat de la Ribera, Alginet, Alzira I, Benifaio, 
Carcaixent, Carlet, Guadasuar and Sueca, in Valencia 
(Spain), which belong to the Health Department of La 
Ribera. The inclusion criteria were: ≥ 70-yearl-old men and 
women, independent mobilization or mobilizing with aids 
(not assisted by other people), residing within the area of La 
Ribera, having signed and informed consent form. The 
exclusion criteria were: bedridden individuals, chronic 
terminally-ill patients or with a life expectancy under 6 
months, institutionalized patients, total visual or hearing 
impairment, patients with severe psychiatric problems or 
with severe or moderate cognitive deterioration, and not 
having signed the informed consent form. 
We carried out a community intervention on each 
individual every trimester for a year. We raised their 
awareness about the importance of living in a risk-free 
environment to prevent falls, and we gave them a leaflet 
with physical exercises to improve their proprioception, 
balance and gait. We also performed an evaluation of the 
variables each trimester.  
On our first visit, we enquired about the number of falls 
in the previous 12 months, number of risk factors related to 
falls, previous fractures, and we did a functional evaluation 
using the Barthel index, which assesses the independence to 
carry out daily life activities (Independence ≥ 60 over 100) 
[53]. Moreover, we assessed their balance and gait using 
the Tinetti scale [7]. This scale has two sections, where a 
total score of 12 points in the gait, and a total score of 16 in 
the balance, can be obtained. A score below 9 in the gait 
and 12 in the balance indicates risk of falling. An overall 
score of ≤ 21 over 28 represents a high risk of falling. We 
also used the European Quality of Life Scale EQ-5D [54], 
subjective (0-10) and objective (0-1), as well as the Mini 
Mental State Examination (MMSE) [55] (Deterioration < 
26 over 35). Finally we enquired about the most common 
chronic pathologies related to falls, amount of daily 
medication prescribed and main drugs directly related with 
falls (beta-blockers and alpha-blockers). The rest of 
antihypertensive drugs with no orthostatic hypotension 
effect were grouped into one variable (antihypertensives), 
since the risk of falling does not differ among ACE 
inhibitors, ARBs and calcium antagonists [56] 
In the following visits we measured the different 
variables and reinforced the information previously given. 
We also asked about the falls suffered in the three previous 
months and their consequences.   
2.1. Ethical Considerations 
This study was approved by the research ethics 
committee of the Hospital Universitario de la Ribera 
(University Hospital of La Ribera) and each participant 
signed an informed consent form to be included in the study 
and for posterior use of statistical data.  
2.2. Statistical Analysis 
The categorical variables were presented in percentages 
and the quantitative variables were presented as mean, 
standard deviation and 95% confidence interval.  
In order to analyze the relationship between each fall risk 
index and comorbidities or drugs, variables were compared 
using Student’s t-test, Pearson’s correlation coefficient and 
c2-test as appropriate. 
The values of the different variables were introduced in a 
Microsoft Excel spreadsheet version 2003 and the statistical 
data was carried out using SPSS program for Windows 
version 19.0. 
3. Results  
The mean age of the participants was 74.47 (SD 5.33). 
There were 160 women (64%) and 89 men (35.7%).  
Table 1 shows the main variables. There is a high 
prevalence of arterial hypertension (59.4%), hyperlipidemia 
(44.2%) and type II diabetes (24.5%). 
The mean score in the Barthel index was 94.2 (SD 10.4), 
most of the participants were independent in their daily life 
activities. The mean score in the Tinetti scale was 26.3 (SD 
3.0) and the mean in EQ-5D was 7.2 (SD 2.3) subjective 
quality of life and 0.83 (SD 0.19) objective quality of life. 
The mean score in the MMSE was 27.0 (SD 3.7).   
The mean of the falls in the 12 months prior to the study 
was 0.49 (SD 0.93), with a mean of 2.73 (SD 1.4) risk 
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factors and 4.2 (SD 3.0) drugs prescribed per person.   
Table 1.  Characteristics of the participants. 
Age (years) 74.47(5.33) 
Sex ♀ 160 (64.3%) ♂89 (35.7%) 
Functional scales  
Barthel 94.2 (10.4) 
Tinetti 26.2 (3.0) 
Objective EQ5D 0.83 (0.19) 
Subjective EQ5D 7.2 (2.3) 
Mini-Mental State 
Examination 27.0 (3.7) 
Comorbidity  
Hypertension 148 (59.4%) 
Type II Diabetes Mellitus 61(24.5%) 
Hyperlipidemia 110 (44.2%) 
Smoking 23 (9.2%) Ex 45(18.1%) 
Chronic Obstructive 
Pulmonary Disease 20 (8%) 
Fall-related factors 
Falls in the previous 
12months 0.5 (0.94) 
Num. risk factors 2.73 (1.4) 
Num. previous fractures 0.29 (0.74) 
Drugs prescribed 4.2 (3.0) 
The most commonly prescribed drugs were 
benzodiazepines (28.9%) and beta-blockers (21.7%).  There 
were no participants taking opiates (Table 2). 
Table 2.  Drugs related to risk of falls 
Antiresorptive – Vitamin D 19 (7.6%) 
Beta-blockers 54 (21.7%) 
Alpha-blockers 7 (2.8%) 
Neuroleptics 1 (0.4%) 
Benzodiazepines 72 (28.9%) 
Antidepressants 9 (3.6%) 
  
47% of the individuals were on 3 or less different drugs 
daily, whereas 53% were taking 4 different drugs or more.  
The participants with hypertension were taking more 
drugs 
4.89 (SD 2.92) than those who were not hypertensive 
3.13 (SD 2.77), with a mean difference of 1.75 (95% CI, 
1.04-2.77, p<0.001). This was also been observed in 
diabetic individuals 5.21 (SD 3.13), whereas the non-
diabetic had a mean of 3.84 (SD 2.86), with a mean 
difference 1.38 (95% CI, 0.52-2.23, p=0.02). At the 
beginning of the study, hypertensive participants had a fall 
incidence 0.54 (SD 0.98), similar to those who were not 
hypertensive 0.45 (SD 0.91), with a mean difference 0.999 
(95% CI, 0.139-0.336, p<0.414). However, after 12 months, 
the hypertensive participants had a fall incidence 0.37 (SD 
0.77), inferior to the non-hypertensive 0.56 (SD 0.65), with 
a mean difference 0.188 (95% CI, 0.004-0.372, p=0.04). 
This was not observed in the diabetic individuals, where the 
fall incidence is no different.  
Women presented a higher fall incidence 0.61 (SD 1.04) 
than men 0.27 (SD 0.65), with a mean difference of 0.337 
(95% CI, 0.13-0.55, p=0.002). However, at the end of the 
study, this difference disappears being 0.46 (SD 0.73) in 
women and 0.43 (SD 0.69) in men, with a mean difference 
0.30 (95% CI, 0.16-0.22, p=0.753). 
 
Figure 1.  Daily drug use  
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The number of drugs prescribed correlates with the 
incidence before and after the study r=0.19, p=0.002 and 
r2=0.170, p=0.009, respectively. Despite the high amount 
of drug prescription, the implementation of the prevention 
community program reduces the number of falls 12% (fall 
incidence after the study 0.44 (SD 0.71). 
After analyzing the data of the different drug groups, 
there was no relationship between calcium, vitamin D and 
antiresorptive intake in patients who suffered falls before 
and after the study. There was no relationship either 
between cardiovascular drugs intake and falls in individuals 
who took alpha-blockers. The participants who were 
prescribed beta-blockers had a fall incidence of 0.74 (SD 
1.14) before the study, compared to those who were not on 
beta-blockers 0.42 (SD 0.86), with a mean difference of 
0.33 (95% CI, 0.05-0.60, p=0.023). Nonetheless, at the end 
of the study, the participants on beta-blockers had a fall 
incidence 0.43 (SD 0.68) compared to those who were not 
on beta-blockers 0.45 (SD 0.72), with a mean difference of 
0.03 (95% CI, 0.20-0.25, p=0.819). In this study we have 
not established a relationship between benzodiazepines and 
falls neither at the beginning of the study nor at the end. 
However, we have observed a relationship between falls 
and antidepressants. The fall incidence before the study was 
1.22 (SD 1.09) compared to those who were not taking 
antidepressants 0.46 (SD 0.92), with a mean difference of 
0.764 (95% CI, 0.314-1.382, p=0.016). Nevertheless, at the 
end of the study, participants who were on antidepressants 
had a fall incidence of 0.25 (SD 0.46) compared to those 
who were not taking them 0.45 (SD 0.72), with a mean 
difference of 0.20 (95% CI, 0.30-0.26, p=0.426).  
4. Discussion 
In this study, age cannot be considered a risk factor for 
falling since there is no statistical relation between them [1-
5]. Women presented a mean incidence fall 0.61 (SD 1.04) 
12 months before the study compared to men 0.27 (SD 0.65, 
statistically significant [7]. However, at the end of the study, 
the incidence of falls between women 0.46 (SD 0.73) and 
men 0.43 (SD 0.69) is similar. This is probably due to the 
interventions carried out to improve the participants’ health 
education throughout the 12 months. 
Subjects participating in this study live in the community 
with a good functional health status. This data explains high 
scores in the Barthel index, the Tinetti scale and the MMSE. 
Thus, the quality of life perceived by the individuals is high, 
7.2 (SD 2.3) which corresponds to the data obtained in the 
functional assessment scales, Consequently, risk factors 
related to balance alteration, dependence and cognitive 
impairment were not found [2,13-16]. 
The studied population presents a high prevalence of 
hypertension (59.4%), although these figures are discreetly 
lower than in other cohorts [57,58]. The prevalence of type 
2 diabetes mellitus (24.55%) is similar to other studies 
[59,60]. The rest of the associated comorbidity does not 
differ from the usual prevalence figures in the elderly [61].  
Differently to other studies which analyze risk factors for 
falling in the elderly, this sample presents a mean of 2.73 
(SD 1.74) intrinsic risk factors, with a previous annual fall 
incidence rate of 0.5 (SD 0.94) and a previous fracture rate 
of 0.29 (0.74). These prevalence figures are lower and can 
be associated to living in a rural area and the good general 
health status of the participants [25,35-38]. 
Regarding drug prescription, there is no difference 
between men and women as described in other studies 
[43,44]. Several studies [14,17-24] establish a relationship 
between the number of drugs and falls. In this study that 
relation has been associated to specific drug groups. In fact, 
we can observe a higher number of falls in individuals who 
were taking beta-blockers and antidepressants. This has 
been described in previous articles [46,51] and has been 
attributed to the number of prescribed drugs, together with 
belonging to the drug groups that produce risk of falling.  
We have also observed a higher fall incidence in 
hypertensive and diabetic participants, which has also been 
discussed in other articles [14, 17, 18,]. The alteration of the 
health status related to chronic cardiovascular pathologies, 
diabetes, etc., are risk factors related to falls in the elderly 
[19-22]. In these individuals we have seen a higher number 
of prescribed drugs, which can influence the number of falls. 
The number of drugs can be more important than taking 
antihypertensive medication, since individuals on 
antihypertensive drugs have less falls than those who do not 
take them. This fact can be due to drug interaction, which is 
related to the number of drugs prescribed and, at the same 
time, related to the incidence of falls [47-50,52]  
To finish, we need to take into account that the sample 
does not present a high number of risk factors (2.73). 
However, the mean of the falls in the 12 months prior to the 
study was 0.50, which does not correspond with what has 
previously been described in other studies [7], since the 
number of falls is high even though there are not many risk 
factors associated to this sample. This can be due to the fact 
that the participants of the study live in a rural area, present 
a relatively low mean age for a geriatric study and have a 
low prevalence of chronic diseases compared to the main 
fall prevention studies in the community [2,19,26]. 
5. Conclusions 
Women tend to have more falls than men, although this 
difference disappears at the end of the intervention. 
Polypharmacy is directly related to falls. The number of 
drugs, as well as taking beta-blockers and antidepressants, 
increases the risk of falling. 
We can conclude that a multidisciplinary community 
intervention contributes to the reduction of the fall 
incidence (12%). This intervention program also reduces 
the incidence produced by a specific group of drugs. 
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